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OIL SHALE AND ITS POTENTIAL UTILIZATION
G. U. Dinneen
Laramie Energy Research Center 
Bureau o f Mines 
U. S. Department of the Interior 
Laramie, Wyo.
ABSTRACT
The large deposits o f oil shale in the Green River Formation in 
Colorado, Utah, and Wyoming offer a potential source of significant 
quantities of liquid fuels. This paper discusses the location and 
|M>tcnlial of the resource; the present state of technology for 
producing shale oil by both aboveground and in situ processes; the 
characteristics of shale oil; environmental aspects of oil-shale 
utilization; and recent developments, particularly results o f the 
Department of the Interior’s Prototype Oil Shale Leasing Program, 
that suggest inauguration of commercial oil-shale processing.
INTRODUCTION
Oil shales of the Green River Formation in Colorado, Utah, and 
Wyoming comprise one of the largest deposits o f hydrocarbons in the 
world, and are a potential source o f significant quantities of liquid 
fuels. They are sedimentary rocks containing solid organic material 
that can be decomposed by heat to yield an oil from which the 
products normally obtained from petroleum can be produced by 
appropriate refining techniques.
Various attempts have been made since before World War I to 
develop commercial processes for utilizing Green River oil shale. 
Most of these have involved mining the shale and processing it in 
aboveground equipment, but recently in situ processing has received 
considerable attention. The first approach is reasonably well deve­
loped and will probably be used where the shale can be readily 
mined. The second approach requires more research, but it may have 
an economic advantage, it may be applicable to deposits of various 
grades and thicknesses that do not readily lend themselves to mining, 
and it avoids the problem of disposing of large amounts o f spent 
shale. Both approaches have potential environmental effects that 
must be taken into consideration.
Although there is no present oil-shale industry in the United 
States, the current status o f oil-shale technology and the country’s 
need for new energy sources suggest that the start of such an 
industry may be imminent. This paper describes the availability and 
potential of oil shale, the current technology for producing and 
utilizing shale oil, the potential environmental effects of oil-shale 
utilization, and recent developments suggesting commercial develop­
ment.
LOCATION AND POTENTIAL OF OIL SHALE
Oil shales arc widely distributed throughout the United States, 
but the largest and richest deposit is in the Green River Formation. 
Hence, most efforts to utilize oil shale have been on material from 
this formation, and it will be the one considered in this paper. The 
formation, whose location is shown in Figure 1, covers .in area o f 
about I 7,000 square miles in four principal basins: The Piceancc 
Creek Basin of Colorado, the Unita Basin of Utah, and the Washakie 
and Green River Basins of Wyoming. In this formation, oil-shale 
intervals that are at least 10 feet thick and that yield at least 25 
gallons of oil per ton have a potential oil yield in place of 600 
billion barrels as shown in Table 1.' If thinner shale as lean as 10 
gallons per ton is considered, the potential oil yield is increased to 
some 2 trillion barrels.
i. p o t e n t ia l  s h a l e  o il  in  k n o w n  d e p o s it s  o f  t h e  g r e e n
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480 90 30 600of oil per ton
Intervals 10 or more feet thick
averaging 10 to 25 gallons of 
oil per ton 800 230 400 1,430
Intervals 10 or more feet thick
averaging 10 or more gallons 
of oil per ton 1.280 320 430 2.030
Although the Piceancc Creek Basin, as shown in Figure 1,
contains only a small part (about 10 percent) of the area covered by 
the Green River Formation, it contains about 80 percent of the 
richer oil shale (Table 1). The oil shale crops out in cliffs. Figure 2, 
along the southern edge of this basin. The Mahogany zone, which is 
the best known interval of the Green Riser Formation, is about 75 
feet thick in the lower part of the cliff just above the talus slope. The 
rich oil shale thickens toward the center of the Piceance Creek Basin 
so that in some places continuous sections of oil shale averaging more 
than 25 gallons of oil per ton are hundreds of feet thick.2 However, 
these are generally under several hundred feet of overburden and
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therefore may not be as readily mined as the outcrops which have 
received most attention in the past. In Utah and Wyoming the 
sections o f  rich shale are not as thick as those in Colorado, and in 
Wyoming they are often interspersed with alternating beds o f lean 
shale. Hence, somewhat different recovery techniques may be 
required for these shales than for those in the Piceance Creek Basin.
A  major problem in utilization o f oil shale is the necessity for 
handling large amounts o f rock that contain only moderate amounts 
o f organic material as indicated in Table II. Fortunately, the organic 
matter is fairly high in hydrogen so about two-thirds o f  it can be 
converted to oil by heating. Unfortunately, it has a rather high 
content o f nitrogen which appears in the oil and must be removed by 
special techniques before the oil is a desirable refinery feedstock.
Fig. 2. View of cliff.
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Shale oil may be recovered from the Green River Formation by 
two general approaches. The first is mining, crushing, and above­
ground retorting; this approach has been used in various parts o f the 
world for over 100 years for the commercial production of shale oil 
and has been studied in this country for many years. It will probably
M i n e r a l  e x t r a c t i o n  
o n d / o r  d i s p o s a l
Fig. 3. Schematic diagram of oil shale surface processing. 
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be used for initial development of the Green River Formation. The 
second is in situ processing, which has received serious consideration 
only in the last few years but which has potential economic and 
other advantages that make efforts to develop a feasible method 
worthwhile. It might be used where the shale is deeply buried, where 
it occurs in relatively thin intervals, where it consists of alternating 
intervals of rich and lean shale, or where various other circumstances 
exist so that mining cannot be readily applied. In addition the 
technique has the advantage o f leaving the mineral residues in place, 
thus eliminating the disposal problem associated with the above- 
ground approach. However, it may introduce environmental effects 
o f its own, such as adding soluble materials to groundwaters.
Mining and Aboveground Processing
Many attempts have been made to mine and retort Green River 
oil shale. A simplified schematic representation of this approach is 
shown in Figure 3. So far all attempts have been on a pilot-plant 
scale, and no prototype commercial unit has been operated. Five of 
the more extensive investigations that have been conducted or arc 
being conducted are those by (1) the Bureau of Mines, (2) a group of 
six oil companies utilizing Bureau of Mines facilities, (3) the Paraho 
Development Corporation, (4) Union Oil Company of California, and
(5) the Colony Development Operation.
Investigations of mining and retorting oil shale and of refining 
shale oil were conducted by the Bureau of Mines near Rifle, Colo, 
from 1944 to 1956. A  demonstration mine was opened in a 73-foot 
minable section of the Mahogany zone, and it was shown with fair 
assurance that low mining costs and high recovery in the room-and- 
pillar operation were possible.3 Refining research provided assurance 
that petroleum refining technology would be adaptable to shale oil.
During the Bureau's program, retorting research led to develop­
ment o f the gas combustion retort4 which was considered the most 
promising of the retorting methods investigated. This retort, which is 
shown schematically in Figure 4, is a vertical, refractory-lined vessel
R a w  oi l  
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Fig. 4. Gas combustion retort.
through which crushed shale moves downward by gravity. Recycled 
gases enter the bottom of the retort and are heated by the hot 
retorted shale as they pass upward through the vessel. Air is injected 
into the retort at a point approximately one-third of the way up 
from the bottom and is mixed with the rising hot recycled gases. 
Combustion o f the gases and some residual carbonaceous material 
from the spent shale heats the raw shale immediately above the 
combustion zone to retorting temperature. Oil vapors and gases are 
cooled by the incoming shale and leave the top of the retort as a 
mist. The manner in which retorting, combustion, heat exchange, 
and product recovery are carried out gives high retorting and thermal 
efficiencies. The process does not require cooling water, an import­
ant feature because of the semiarid regions in which the shale 
deposits occur. The development program utilized pilot plants having 
capacities of 6, 25, and 150 tons per day, but was terminated before 
operability o f the largest o f these had been completely demon­
strated. However, the process appeared to offer the possibility of 
large-scale operation.
The gas combustion retorting system was further developed 
during the period 1964 to 1968 when the Colorado School of Mines 
Research Foundation leased the Bureau of Mines Rifle facilities and 
operated them under a research contract with six oil companies: 
Mobil, which acted as Project Manager, Humble, Phillips, Sinclair, 
Pan American, and Continental. The research was conducted in two 
stages, each of which lasted approximately 2 years. The first stage 
was devoted primarily to investigating the gas combustion retorting 
process itself in the two smaller pilot plants that had been 
constructed by the Bureau.5 The second stage included research on 
both mining and retorting. The mining involved development of a 
room-and-pillar method similar to that of the Bureau o f Mines except 
that somewhat, smaller pillars were used. It was demonstrated during 
this stage that the largest gas combustion pilot plant could be 
operated using feed rates of 500 pounds per hour per square foot 
of cross-sectional bed area, about double the rate previously 
achieved by the Bureau of Mines, while maintaining oil yields in 
excess of 85 percent of Fischer assay. Although the results indicated 
a significant advance in development of the process, some operating 
problems were not fully resolved.6
A modified version o f the gas combustion retorting system, 
designated as the Paraho retort and successfully applied to calcining 
limestone, is presently being tested on oil shale in a program 
supported by 17 companies.7 Major modifications to the process 
involve the charging and discharging mechanisms for the retort and 
the gas injection and process control systems. The test program 
which started late in 1973 is scheduled to last 30 months and will 
cost $7.5 million. Two retorts, a pilot plant 2-Vi feet in diameter and 
a semiworks plant 8-Vi feet in diameter, will be constructed at the 
Bureau o f Mines Rifle facilities, which have been leased by the 
Paraho group for their test program.
A retorting system developed b\ Union Oil Company o f 
California also consists of a vertical, refractory-lined vessel. However, 
it operates on a downward gas flow principle and the shale is moved 
upward by a charging mechanism usually referred to as a rock pump. 
Heat is supplied by combustion of the carbonaceous residue 
remaining on the retorted shale and is transferred to the oil shale, as 
in the gas combusiton retort, bv direct gas-to-solids exchange. The oil 
is condensed on the cool incoming shale and flows over it to an 
outlet in the bottom of the retort. This process also has the 
advantage of not requiring cooling water. The system was tested 
during 1956 and 1958 on a demonstration scale of about 1,000 
tons per day. It was subsequently announced that operation of the 
plant had yielded enough information so that the process could be 
commercialized whenever energy demand and economic conditions 
warranted.8 Several recent announcements in the press have 
indicated that Union may start construction of a commercial plant
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relatively soon, but the announcements did not give details of the 
processing scheme that will be used.
The process that appears to be nearest to commercial utilization 
is the TOSCO 11 system which is based on a rotary kiln utilizing 
ceramic pellets heated in external equipment to accomplish retorting. 
Shale feed ground to less than V2 inch in size is preheated by flue 
gases from the pellet heating furnace and introduced into the kiln 
with pellets heated to 1,200° F. In the kiln, it is brought to a 
retorting temperature of 900° F by heat exchange with the pellets. 
Passage o f the kiln discharge over a trommel screen permits recovery 
o f the pellets from the fine shale for reheating and recycling. Oil 
vapors are recovered, and the spent shale is routed to disposal.
The TOSCO II process together with a room-and-pillar mining 
method has been under investigation for several years in a semiworks 
plant having a capacity o f about 1,000 tons per day. The Colony 
Development Operation—originally composed o f the Standard Oil 
Company of Ohio, The Oil Shale Corporation, and Clcveland-Cliffs 
Iron Company, but subsequently including Atlantic Richfield 
Company as Project Manager—conducted this investigation which 
terminated in April 1972. During the investigation a considerable 
research effort was also expended on environmental aspects of 
oil-shale operations particularly in regard to stabilizing and vegetating 
spent-shale deposits. After the pilot plant was shut down, results 
were evaluated and design of a commercial plant having a capacity o f 
about 50,000 barrels of oil per day was started. The engineering 
design for this plant will be completed later this year, and it has been 
announced that plant construction could start in about October if 
other phases of the project, such as obtaining a permit for a pipeline 
from the shale plant location to the Four Corners area, can be 
completed by that time.7
In Situ Retorting
Retorting oil shale in place has been receiving increased attention 
in recent years because it may have a number of advantages: It may 
be more economical than the traditional approach; it may be 
applicable to deposits of various thicknesses, grades, and amounts of
overburden that are not readily amenable to mining; and it eliminates 
the necessity of disposing of large quantities of spent shale. However, 
it may introduce other environmental problems such as the 
possibility of groundwater leaching the soluble retorting products 
left underground. In spite of its potential advantages and recent 
interest in it, only a relatively small amount o f research has been 
done on in situ processing; consequently, technology is generally in 
the early stages of development.
In situ retorting might be accomplished by passing gases and 
liquids either horizontally or vertically through fractured shale. The 
horizontal approach is illustrated schematically in Figure 5. One x 
application of this approach consists of drilling a predetermined 
pattern of wells into the oil-shale formation, creating permeability 
among the wells if naturally occurring permeability is low, igniting 
the shale in one or more of the wells, pumping compressed air down 
the ignition well to support combustion of some of the oil shale, 
forcing the hot combustion gases through the oil shale to convert the 
solid organic matter in it to oil, and recovering the oil thus generated 
from other wells in the pattern.
An early investigation of this concept was made by Sinclair Oil 
and Gas Company, now a part of Atlantic Richfield Company, which 
conducted experiments in 1953 and 1954 at a site near the southern 
edge of the Piceance Creek Basin.9 The results of these experiments 
indicated that communication between wells could be established 
through induced or natural fracture systems, that wells could be 
ignited successfully although high pressures were required to 
maintain injection rates during the heating period, and that 
combustion could be established and maintained in the shale bed. 
Additional experiments were made some years later at a depth of 
about 1,200 feet in the north central part o f the Piceance Creek 
Basin. These latter tests were only partially successful, at least in part 
because of an inability to obtain the required surface area for heat 
transfer.1 0
A modification of the concept shown in Figure 5 was studied by. 
Equity Oil Company of Salt Lake City.1 1 The modification 
consisted of injecting hot natural gas into the shale bed rather than
1 Compressed air 
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Fig. 5. Schematic diagram of an in situ oil shale retorting process
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having an underground combustion zone. A five-spot pattern o f one 
injection well and four producing wells was used in an area o f the 
Piceance Creek Basin having naturally occurring permeability and 
porosity due to the leaching o f soluble salts. Based on results o f the 
experiment and a mathematical model developed from them, it 
appeared that the technique was feasible and potentially an 
economic method for recovering shale oil. However, the economics 
are strongly influenced by the cost o f natural gas and the amount 
required for makeup.
The only field experiment presently in progress utilizing the 
concept in Figure 5 is being conducted by the Bureau o f Mines at a 
site in southwestern Wyoming between the towns o f Rock Springs 
and Green River. In this area an oil-shale interval about 20 feet thick 
and yielding from 20 to 25 gallons of oil per ton is relatively 
shallow—50 to 400 feet deep. Over a period o f several years, 10 
experiments concerned with various fracturing and recovery methods 
have been conducted at the site.1 213 j n the 11th experiment, which 
is presently in progress, three hydraulic fractures approximately 10 
feet apart have been created. It is planned to detonate a slurried or 
liquid chemical explosive in these fractures to break up the shale 
preparatory to an underground combustion experiment for the 
recovery o f shale oil. It is hoped to start this last phase o f the 
experiment next summer or fall.
An in situ experiment where the broken shale is retorted 
vertically rather than horizontally is being conducted by Garrett 
Research and Development Co., on the southwestern edge o f the 
Piceance Creek Basin. In this technique, sufficient shale is mined 
from the lower part o f a room to provide the desired porosity when 
the shale above the mined portion is fractured by explosives and 
collapsed into it.1 4 The broken shale in the room is then ignited on 
the top, and a combustion zone is forced down through it by 
supplying air to the top o f the room. The hot gases ahead o f the 
combustion zone retort the shale, and products are removed from 
the bottom of the room. One such room holding several thousand 
tons o f broken shale was prepared and retorted during 1973 with 
apparently very satisfactory results. However, a commercial—scale 
application of this technique will presumably require rooms several 
times the size o f the one completed last year and some additional 
development work.
A  nuclear explosive, rather than partial mining, could be used to 
prepare a cavity filled with broken shale for in situ retorting. The 
concept has been discussed since the late I950’s, and a number o f 
detailed plans for a field test have been developed—the latest in 
September 1973.1 5 However, no field test o f this technique is 
presently scheduled.
To furnish appropriate data for improving in situ techniques, the 
Bureau o f Mines conducts both laboratory studies and pilot scale 
simulation of underground operations. The laboratory studies are 
concerned with the effects o f variables such as the reaction o f 
oxygen with oil shale at subretorting temperatures, the mechanisms 
o f formation and transport of oil out o f oil-shale particles, and the 
effects o f pressure on the retorting process. For the simulation 
studies, two vessels, one with a capacity of 10 tons and the other 
with a capacity o f 150 tons, are used to study such variables as the 
rate of combustion front travel, gas flows through broken shale, 
grade o f shale, and particle size distribution. The larger o f the two 
pilot plants is shown in Figure 6, which also shows in the left 
foreground the type o f random-sized oil shale used for some 
experiments. This material ranges in size from sand like particles to 
pieces weighing a ton or more. For an experiment, the retort is filled 
and retorting is started by igniting the shale at the top with a natural 
gas burner. After the burner is turned off, combustion is maintained 
by injecting air and recycle gas, if used, into the top o f the retort. 
The combustion zone travels down through the bed, retorting the oil 
shale ahead of it. A tank mounted on load cells is used to collect the
Fig. 6. 150—Ton retort.
liquid products so that a continuous record of retort output can be 
maintained. Gaseous products from the retort, which contain some 
oil and water, are passed through packed towers to remove most o f 
the entrained materials. After passing through a blower, some of the 
gas stream may be recycled back into the retort while the remainder 
vents through a stack equipped with a natural gas burner to oxidize 
combustible components. In a number o f experiments run in this 
manner to evaluate the effects of retorting gas velocity and 
composition, yields up to 65 percent o f Fischer assay have been 
obtained.16 These are thought to be promising considering the wide 
range in size o f material being retorted and the heat losses inherent in 
the equipment used.
Oil-Shale Products
The fuels and chemicals normally produced from petroleum can 
also be obtained from shale oil. However, an adaptation o f petroleum 
technology based on the properties peculiar to shale oil is required. 
Shale oil produced by some surface retorts, such as the gas 
combustion retort, is usually a dark viscous material with a relatively 
low sulfur content but a high pour point and a high nitrogen content 
(Table III). A high pour point requires that the oil receive some














Gas combustion 0.937 80 543 2.16 0.60
10-ton .923 60 112 1.57 .79
15 0 -ton .909 60 98 1.59 .94
In situ .885 40 78 1.36 .72
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pretreatment before the oil is amenable to pipeline transportation. 
The high nitrogen content complicates the refining of the oil, so it 
appears that hydrotreating of the oil or some of its fractions will be 
required to lower the nitrogen content to acceptable levels for 
processing by refining methods such as catalytic cracking. In situ 
processing and some surface retorting systems may yield oils with 
low enough pour points to materially ease the problems of handling.
Environmental Considerations
Environmental effects directly associated with oil-shale 
processing are expected to be from retorted or burned shales, waters 
that have been produced or used in processing, and gases. The 
present interest in in situ processing is partly because this technique 
would obviate the necessity o f disposing of large quantities of 
retorted or burned shale. However, one factor in proving in situ 
processing to be feasible is the necessity to determine what effect 
leaching o f the in place retorted shale and produced waters will have- 
on groundwater. A start toward investigating this problem has been 
made by the Bureau of Mines at its Rock Springs field site where a 
program of well drilling and water sampling is in progress.
Although in situ processing offers some potential advantages, 
many portions of the Green River deposit appear to be most 
amenable to mining and aboveground processing as means for 
recovering shale oil. Hence, industry and government are both 
investigating problems associated with disposal o f retorted or burned 
shale. In particular, the Colony Development Operation has done a 
substantial amount of work on the vegetation of retorted shale 
from the TOSCO II process and has shown that this can be 
accomplished. In another study, Colorado State University in a 
program sponsored by industry and government, both State and 
Federal, established spent shale test plots at two elevations in the 
Piceance Creek Basin during 1973. These plots are designed to 
establish the requirements for germination of selected plant species 
and the survival rate under natural conditions.
Retorting oil shale produces water both from heating the shale 
and from burning the fuel when the process uses internal 
combustion. This water will generally be in the range of 3 to 10 
gallons per ton of shale retorted. Because it has been in contact with 
shale oil, it contains substantia] amounts o f organic material in 
addition to inorganic ions from the minerals in the shale. Some 
studies of this water and suggestions for its treatment have been 
made,17 but additional ones will be required as more specific plans 
for utilization of oil shale are developed.
Gases from oil-shale processing are not expected to have a unique 
composition, so gas treating methods being developed by other 
industries to comply with environmental requirements should be 
applicable to oil-shale gases. However, to confirm this postulation 
gases from pilot plant developments, such as those being conducted 
by the Bureau of Mines, should be sampled and analyzed.
In addition to the direct effects of oil-shale processing on the 
environment, there will be other effects from the development of an 
industry, particularly from the accompanying influx o f people to a 
semiarid, sparsely populated area.18
RECENT DEVELOPMENTS POINTING TO COMMERCIAL 
UTILIZATION
Because the oil-shale deposits arc about 20 percent privately 
owned and about 80 percent government controlled, there is an 
opportunity for development on both types of land. However, since 
the government-controlled lands were withdrawn from leasing by 
President Hoover in 1930, there has been no procedure to provide 
for industrial development on them. In an effort to overcome this, 
the Department of the Interior developed over the past several years 
a prototype leasing program which resulted in offering two leases in 
each of the three states—Colorado, Utah, and Wyoming—where the
Green River Formation occurs. These leases, each of which is a little 
over 5,000 acres in size, are being offered on a monthly basis starting 
with the first bid opening on January 8, 1974. The successful bidder 
on the first tract, which is in Colorado, was a combination of 
Standard Oil Company (Indiana) and Gulf Oil Corporation, with a 
bonus bid of a little over $210 million. The second tract, also in 
Colorado, went to a combination of Atlantic Richfield Company, 
Ashland Oil Company, Shell Oil Company, and The Oil Shale 
Corporation for a bonus of over $ 11 7 million. The third tract, which 
is in Utah, went to a combination of Phillips Petroleum Company 
and Sun Oil Company for a bonus bid of over $75 million. The size 
of these bids seems to indicate a genuine intention to develop the 
leases in the foreseeable future. However, this will of course depend 
on the future energy situation which is presently difficult to predict.
There have been two recent announcements indicating some 
intention to proceed with development on privately held land. The 
Colony Development Operation has applied for a number of the 
permits that will be required in order to start construction o f a plant 
when engineering design is completed in the fall of this year. Union 
Oil Company of California has announced its intention to start 
construction of a plant in the foreseeable future.
SUMMARY
Green River oil shale in the States o f Colorado, Utah, and 
Wyoming has the potential of supplying significant quantities of fuel 
to help fulfill the nation’s needs. Past attempts to utilize the oil shale 
have generally involved mining, crushing, and retorting shale 
aboveground. It appears that this approach will probably be applied 
successfully in the foreseeable future. In addition, attention is 
presently being given to developing in situ techniques which may- 
have advantages, particularly from an environmental standpoint. One 
technique has been operated successfully in a field test and should be 
ready shortly for commerical-scale demonstration. The range of 
fuels and chemicals presently produced from petroleum can be 
otained from shale oil if techniques appropriate to its particular 
composition are used. Bids recently made on leases of oil-shale land 
offered by the Department o f the Interior and announcements made 
by companies holding private land both suggest that commercial 
development o f oil shale is imminent.
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